INTRODUCTION
AMSAA's Probability of Acquisition and Maneuver (PAM) model has proven to be a useful tool for evaluating the COPPERHEAD weapon system. Different versions of the model have been used in two different ways.
A "stand alone" version of the model was used in the COPPERHEAD analysis documented in Reference 1. This analysis evaluated the sensitivity of COPPERHEAD system performance to a large number of factors, including:
• cloud ceiling 
ASSUMPTIONS AND LIMITATIONS
As the name of the model suggests, the PAM model computes the Probability of a COPPERHEAD projectile being able to both Acquire a target Fy sensing reflected laser energy, and Maneuver to that target once it has been acquired. The fundamental difference between the probability of acquisition and maneuver (PAM) and probability of hit (PH) , is that estimates of P H for COPPERHEAD-type systems must include the effect of laser energy overspill and underspill.
Such effects are a complex function of the entire time-history of laser pulses, and simulating those effects requires detailed modeling of the system's seeker logic. The Laser Designator Weapon System Simulation (LDWSS) model (Reference 5) does simulate the seeker logic, so the resulting estimates of P^ include the effects of laser energy overspill and underspill.
The PAM model does not simulate these effects; however, there is reason to believe that this limitation is not too severe. Section 2.3.2 of Reference 6 presents LDWSS estimates of PH for the COPPERHEAD system under various conditions. Under conditions of high visibility, high cloud ceiling, low errors, and GLLD designator, it is plausible to assume that any degradation in P^ is due to spill over/spill under. As the data shows, there is little degradation in PH against a fully exposed moving target out to 3 km. Therefore there is little problem with spillover/spill under against such a target out to 3 km. However, for a partially exposed target or a target at longer range, the spillover/spilunder problem is more severe. Under these conditions the probability of acquisition and maneuver is a poor estimator of probability of hit.
A second limitation of the PAM model is the use of a lambertian reflectance distribution (cosine law) of energy from the target rather than specific reflectivity maps generated from a three-dimensional target description. While significant differences could exist in terms of the actual shape of the acquisition volume for each reflected laser pulse, the spot jitter and the time-variability of target heading is probably sufficient to smooth out the shape of the acquisition volume in such a way that the cosine law is approximately correct.
Additional limitations arise because the model uses Monte Carlo sampling. The results are somewhat noisy (CO percent) when a sample size of 100 is used; trends which intuitively should be monotonic are not always so. Moreover, when larger sample sizes are used, the model becomes fairly time consuming to run. Still, results of good quality can be obtained with greater ease and at lesser expense than by use of LDWSS; the LDWSS model also uses Monte Carlo sampling.
GENERAL OVERVIEW
The overall flow of the main RAM model is shown in Figure 1 . The most important part of the model is devoted to answering the two questions which appear near the center of Figure 1 : "Does the projectile acquire?" and if so, "Can the projectile maneuver to the target?" Figure 2 shows the general situation of a ground-based laser designating a target. The acquisition volume is the volume within which there is sufficient reflected laser energy for the COPPERHEAD projectile to acquire the target. The optical properties of the atmosphere determine the extent of laser energy attenuation along both the laser-target path and the target projectile path. The cloud ceiling acts as an energy cutoff level, prohibiting acquisition until the projectile descends below the cloud layer. Cloud cover is treated as opaque; beneath a cloud layer the visibility is assumed uniform.
Once the COPPERHEAD projectile breaks through a cloud ceiling, it acquires a target only if reflected laser energy reaches the seeker in sufficient quantity. This process is illustrated in Figure 3 .
Since there is a ceiling at altitude A, acquisition is impossible above this ceiling. At altitude B, acquisition is possible but does not take place because insufficient energy reaches the seeker. At altitude C, sufficient energy reaches the seeker for acquisition to take place.
The (x,y) coordinates of intersection with the acquisition volume at a given altitude plane is a function of unguided delivery error. Given (x,y,z) coordinates of acquisition, the limits of projectile maneuver in the ground plane are fixed. For the case illustrated in Figure 3 , the target is within the limits of projectile maneuver, so the engagement is a success. The resultant visibility volume around the target has its maximum length along the direction of the designetor and is of negligible extent for angles greater than 90 degrees from the designator-target line.
The model uses a nominal input value for angle T (FO-TargetHowitzer azimuth angle). However, the cosine law of reflectance is not applied directly to that angle, but to the input angle adjusted for the actual target location present in a particular Monte Carlo replication after unguided errors and target location errors are sampled. 14 5. MANEUVER METHODOLOGY If, for a given Monte Carlo replication, the model determines that a COPPERHEAD projectile acquires a target, then computations are made to determine whether the projectile can maneuver to that target. This is accomplished by means of maneuverability footprints.* For a given gun-target range, mode of fire, angle of fall, and altitude at which initial acquisition takes place, the footprints circumscribe an area in the ground plane within which a reliable projectile can successfully maneuver. This area is the intersection of the seeker field-of-view projected into the ground plane and the extreme limits of projectile maneuver capability. Because the footprints lack radial symmetry, they are input as a series of distances as a function of angle from the predicted target intercept point (PIP).
The model considers three kinds of error source: unguided delivery errors, random target location errors, and bias target location errors. Given values for these three error terms, the model determines whether the target is in the footprint at the time of round arrival.
Unguided delivery errors are associated with the part of the COPPERHEAD trajectory between launch and acquisition. Such errors have the effect of shifting the location of the footprint in the ground plane; they are monte carlo sampled for each simulated trajectory.
Standard deviations for these errors in range and deflection are shown in Figure 4 . The information shown was supplied by Martin Marietta Corporation, and was generated by use of six-degree-of-freedom simulation techniques. Range errors are larger than deflection errors primarily because of COPPERHEAD'S relatively shallow angle of fall. Although the range and deflection errors are not too different in the plane normal to the velocity vector, when they are projected into the ground plane, the range error becomes elongated.
*Both ARRADCOM and Martin Marietta Corporation have supplied AMSAA with these footprints. For details on the ARRADCOM model which generates footprints see Reference 8.
The random component of target location error (a) can be input to PAM directly or computed internally according to the following algorithm derived from unpublished work of Julian Chernick.* The algorithm contains two error terms and a parameter: The random TLE algorithm above allows aTLE to be computed about a single target vehicle, for either a preplanned target or a target of opportunity. Since the PAM model was designed to evaluate COPPERHEAD against groups of target vehicles as well as against a single target vehicle, a method was derived to generate aTLE to the nearest target vehicle when more than one vehicle is present in a target.
Based on work reported in Reference 9, the following relationship is used for computing oTLE when the PIP is bracketed by target vehicles: The final error source considered in "he PAM model is a bias TLE. The random TLE discussed above is computed on the assumption that the mean target position at round impact is the PIP. This assumption will seldom be satisfied in combat, hence the resulting offsets from the PIP are treated as bias TLEs.
One important source of bias error is unanticipated delays in the time required to get a COPPERHEAD round on -arget. If the FO estimates it will take 100 seconds to get a round on target, but it actually takes 200 seconds, then the target may overrun the footprint before the round arrives.
In addition to the contribution of tine delays to bias TLE, there are factors which could cause the target's point of closest approach (PCA) to the PIP to differ, on the average, from zero. If the footprint (aimpoint) is preplanned, it would be unreasonable to expect that potential targets would be headed directly towards the PIP. And for a target-ofopportunity, there is a possibility of large changes of direction after the command to fire is given.
Bias error is played in PAM as follows: If a COPPERHEAD projectile approaches the target from the direction of negative y, the x and y components of bias TLE are given by After these computations are made, the random and bias TLEs are summed to yield the target's location on the ground. The distance from that location to the PIP is computed, and is compared to the distance from the PIP to the edge of the maneuverability footprint for an equivalent angle. If the target is within the footprint, then the replication counts as a success; otherwise it does not.
SUMMARY
This report presents the general structure of the PAM model, and describes the modeling of the acquisition and maneuver positions of the COPPERHEAD trajectory in detail. In addition, £ description of the input variables, a FORTRAN source listing, and a sample case are presented. In addition to the input variables which are read in, three arrays are filled in the program and the values could be changed at the discretion of the program user. These arrays are:
GAMARY (11) H (6) DTS (5) The GAMARY array contains the laser energy attenuation coefficients, as a function of atmospheric visibility in km, from 1 to 11 km.
The H array defines the heights at which the check for acquisition is made, from highest to lowest, in meters.
The DTS array holds the values of unanticipated delay times played in seconds, as discussed in the Maneuver Methodology section of this report. 
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FIGURE C2 SAMPLE RAM INPUTS

